No published data concerning intraobserver and interobserver variability in the histopathological diagnosis of differentiated vulvar intraepithelial neoplasia (DVIN) are available, although it is widely accepted to be a subtle and difficult histopathological diagnosis. In this study, the reproducibility of the histopathological diagnosis of DVIN is evaluated. Furthermore, we investigated the possible improvement of the reproducibility after providing guidelines with histological characteristics and tried to identify histological characteristics that are most important in the recognition of DVIN. A total number of 34 hematoxylin and eosin-stained slides were included in this study and were analyzed by six pathologists each with a different level of education. Slides were reviewed before and after studying a guideline with histological characteristics of DVIN. Kappa statistics were used to compare the interobserver variability. Pathologists with a substantial agreement were asked to rank items by usefulness in the recognition of DVIN. The interobserver agreement during the first session varied between 0.08 and 0.54, which slightly increased during the second session toward an agreement between À 0.01 and 0.75. Pathologists specialized in gynecopathology reached a substantial agreement (kappa 0.75). The top five of criteria indicated to be the most useful in the diagnosis of DVIN included: atypical mitosis in the basal layer, basal cellular atypia, dyskeratosis, prominent nucleoli and elongation and anastomosis of rete ridges. In conclusion, the histopathological diagnosis of DVIN is difficult, which is expressed by low interobserver agreement. Only in experienced pathologists with training in gynecopathology, kappa values reached a substantial agreement after providing strict guidelines. Therefore, it should be considered that specimens with an unclear diagnosis and/or clinical suspicion for DVIN should be revised by a pathologist specialized in gynecopathology. When adhering to suggested criteria the diagnosis of DVIN can be made easier.
Vulvar carcinoma is rare with squamous cell carcinoma as the most common histopathological subtype. Nowadays, we can distinguish two types of squamous cell carcinoma with their own premalignant lesions. 1, 2 The first type of vulvar squamous cell carcinoma consists of mainly non-keratinizing carcinomas and is caused by an infection with highrisk human papilloma virus (HPV). This type of carcinoma is associated with warty and/or basaloid vulvar intraepithelial neoplasia (VIN; together grouped as usual VIN (UVIN)). The second and most common type of carcinoma is differentiated keratinizing squamous cell carcinoma, often occurring in the background of lichen sclerosus. Differentiated VIN (DVIN), which is an entity that has no relation with HPV, is believed to be the precursor lesion associated with this type of vulvar squamous cell carcinoma. [3] [4] [5] Until 2003, a three grade system for premalignant VIN (VIN grades 1-3, Table 1 ) was used. As clinicopathological data did not appear to support the concept of a continuous spectrum of VIN lesions leading to vulvar carcinoma that does exist for cervical intraepithelial neoplasia and cervical carcinoma, [6] [7] [8] this grading system was abolished. The abandonment of VIN 1 and the consolidation of VIN 2 and 3 into one category simply termed (highgrade) VIN, best fitted the studies that have been performed on grading of VIN so far. 6 Nowadays, the concept of usual VIN and differentiated VIN has been accepted more and more by clinical pathologists around the world.
Histopathologically, usual VIN lesions are easy to recognize whereas the recognition of differentiated VIN is difficult as it is seldom diagnosed as a solitary lesion. DVIN is often found directly adjacent to squamous cell carcinoma and is characterized by a thickened epithelium that is typically associated with elongation and anastomosis of rete ridges ( Figure 1a) . 4 (Figure 1d ) may be seen mainly in the lower layers. 4 The most superficial layers show normal maturation without atypical cells, although dyskeratosis may be present above the (para)basal layers with cells that have vesicular nuclei, prominent nucleoli and abundant eosinophilic cytoplasm. As the cytological atypia in DVIN is confined to the basal epidermal cell layers, it is often confused with squamous hyperplasia or lichen sclerosus. The recognition of DVIN is hindered by a high degree of cellular differentiation combined with an absence of widespread architectural disarray, nuclear pleomorphism and diffuse nuclear atypia. 9 Probably, this has led to a considerable underdiagnosis of DVIN. Although, it is of great importance to recognize this lesion properly because of its high malignant potential and rapid progression toward vulvar squamous cell carcinoma. 4 Making the right pathological diagnosis is of utmost importance to assure proper treatment and follow-up.
Until now, there are no published data on intraand interobserver variability in the histopathological diagnosis of DVIN, although it is widely accepted to be a subtle and difficult histopathological diagnosis. 5 In this study, the reproducibility of the histopathological diagnosis of DVIN is evaluated in a group of six Dutch pathologists with different level of experience. Furthermore, we investigated the possible improvement in diagnosing DVIN after providing guidelines with histological characteristics of DVIN. Finally, we tried to identify histological characteristics that are most important in the recognition of DVIN.
Patients and methods
Hematoxylin and eosin (H&E)-stained slides of vulvar biopsies taken before the diagnosis of vulvar squamous cell carcinoma of 60 patients were collected, all patients subsequently developed vulvar squamous cell carcinoma. All patients were treated at the Department of Obstetrics and Gynaecology of the Radboud University Nijmegen Medical Centre (RUNMC) or the University Medical Centre Groningen between 1990 and 2008. The slides were reviewed by two experts in the field of gynecopathology from these two hospitals (JB and HH), independently and unaware of the course of the disease. Discrepancies in diagnoses were resolved in a consensus meeting with these two expert gynecologic pathologists (further on named 'consensus pathologists'). Consensus diagnoses were based on published criteria, which are shown in Table 2 [4] [5] [6] [7] [9] [10] [11] [12] [13] [14] [15] and considered to be the golden standard.
Of 60 slides, 46 were diagnosed as lichen sclerosus or DVIN during the consensus meeting. Thirty-five corresponding formalin fixed paraffin embedded specimens could be retrieved, re-cut at 4 mm, and H&E stained. To quicken the process of analysis, for each specimen a total number of three slides were re-cut. One consensus pathologist (JB) compared the slides from each specimen to confirm that these were comparable. As one specimen lost quality after re-cutting, it was excluded from further analysis. Finally, three identical sets of 34 slides were assessed for this study.
Six pathologists (consensus pathologists not included) were asked to classify all 34 slides in two separate sessions. The group of pathologists consisted of two gynecologic pathologists (pathologists (6)).
that had special training in gynecopathology), two general pathologists and two pathologists in training. During the first session, the pathologists were asked to diagnose the lesions as lichen sclerosus, DVIN, high-grade dysplasia and/or other. When squamous cell carcinoma (n ¼ 4) was present next to lichen sclerosus or DVIN, the pathologists were asked to score both. No information about age, clinical aspect of the lesions or original diagnosis was provided. In between the first and second session, the pathologists were asked to study a guideline. This guideline was developed by the consensus pathologists (HH and JB) and consisted of the descriptive categories (lichen sclerosus, UVIN and DVIN) with extensive description of the pathological features (Table 2) , illustrated by low-and high-power field photographs. After a washing out period of at least 3 months, the six pathologists were asked to study the guideline and diagnose the lesions as lichen sclerosus, DVIN and/or high-grade dysplasia and score the histological characteristics (Table 2) . To evaluate the reproducibility of the histopathological diagnosis of DVIN, interobserver variability was calculated. Furthermore, the effect of education in each individual pathologist was assessed. To identify histological characteristics that were most important in the recognition of DVIN, one of the consensus pathologists on behalf of the consensus pathologists (JB) and pathologists with a high level of agreement were asked to put criteria in order of usefulness for the diagnosis of DVIN.
Statistical Methods
All slides diagnosed with DVIN by each pathologist were compared with the golden standard to give a Interobserver variability DVIN level of agreement among pathologists. The kappa statistic, often used in studies in order to test the interobserver variability, was used. Values of 0.4-0.6, 0.6-0.8 and 40.8 were taken to reflect moderate, substantial or excellent correspondence, respectively. 16 Analyses were performed using SPSS 16.0 (SPSS, Chicago, IL, USA).
Results
Of the 34 slides assessed in this study, 20 (59%) were diagnosed as lichen sclerosus, 13 (38%) as DVIN and 1 (3%) as normal skin during the consensus meeting of the consensus pathologists. The median time to development of vulvar squamous cell carcinoma was 44 months (range 9-200); in patients with lichen sclerosus/normal skin this was 92 (range 9-200) months and with a prior biopsy of DVIN 24 (range 8-64) months. The agreement between the consensus pathologists (HH and JB) was 88%; 30 of 34 slides were scored concordant, with a kappa value of 0.73. The distribution of collected data is shown in Table 3 . The median time between the first and second session was 4 months (range 3-5 months). Pathologists D, E and F scored DVIN more often during the first session in comparison with the consensus, while pathologists A, B and C were less likely to score DVIN. The latter more often scored a lesion as high-grade dysplasia and/or other diagnosis, like aspecific dermatitis (n ¼ 13) or lichen planus (n ¼ 5). During the second session, the over-and underdiagnosis of DVIN remained present, although less clear. Pathologists were less likely to score highgrade dysplasia during the second session.
The interobserver agreement between pathologists during the first session varied between 0.08 and 0.54 (data not shown). The overall kappa that summarizes in a single coefficient the K values relative to the different pairs of pathologists, could not be calculated because of the heterogeneous K values. The interobserver agreement between pathologists after studying the guidelines during the second session slightly increased with values between À 0.01 and 0.75. Table 4 shows the kappa value of the diagnosis DVIN of individual pathologists vs consensus of the first and second session, categorized according to experience of the pathologist. The values range between 0.27 and 0.54 in the first session and between 0.15 and 0.75 in the second session. All pathologists increased in kappa value, except for pathologists B and C. Pathologists with training in the field of gynecopathology (gynecologic pathologists), could reach higher kappa values after studying the guidelines compared with general pathologists and pathologists in training.
Most important criteria in order of usefulness for the diagnosis of DVIN were scored by one of the consensus pathologists (JB) and pathologists with a high level of agreement (pathologist E and F) and are displayed in Table 5 . The top five of these criteria included atypical mitoses in the basal layer, basal cellular atypia, dyskeratosis, prominent nucleoli, and elongation and anastomosis of rete ridges. A schematic overview of these criteria is displayed in Figure 3 . All histological characteristics scored in slides with consensus of the diagnosis DVIN (n ¼ 22) of the pathologists with a substantial agreement (kappa value 0.7 or higher; pathologist E and F) were scored. The top five histological characteristics were identified in nearly all slides.
Discussion
With this study, we show that the agreement on the histopathological diagnosis of DVIN is low and diagnosing DVIN is difficult. After providing guidelines with histological characteristics to diagnose DVIN, agreement did improve but mainly in gynecologic pathologists, probably due to their long learning curves in the past. Therefore, it should be considered that specimens with an unclear diagnosis and/or clinical suspicion for DVIN should be revised by an experienced gynecologic pathologist.
Making the right diagnosis is of utmost importance to assure proper treatment and follow-up, as DVIN is known for its rapid progression toward squamous cell carcinoma. 3, 4 Various studies 11, 17, 18 highlighted the difficulty in making the clinical and histopathological diagnosis of DVIN. Unfortunately, this study shows that the pathological reproducibility is low in patients that subsequently 
, lichen simplex chronicus (n ¼ 1), hyperkeratosis not otherwise specified (n ¼ 1), epidermal cyst (n ¼ 1), radiation effect (n ¼ 1) and not otherwise specified (n ¼ 17). Abbreviation: DVIN, differentiated vulvar intraepithelial neoplasia. a Differentiated vulvar intraepithelial neoplasia. b According to the pathologists with K40.7 (pathologists E and F) and one pathologist on behalf of the consensus pathologists (JB).
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Interobserver variability DVIN developed a vulvar squamous cell carcinoma, which corresponds with the difficulties in diagnosing DVIN by the clinician.
Little is known about how pathologists differ in their interpretation of DVIN. It is widely accepted to be a subtle and difficult histopathological diagnosis as it can easily be mistaken for a benign dermatitis or epithelial hyperplasia 5 and may be difficult to distinguish from the often present background of lichen sclerosus. 17 To our knowledge, only three prior studies have addressed the interobserver variability of VIN [19] [20] [21] of which all used the abandoned nomenclature of VIN 1-3 to classify the specimens. Trimble et al 20 demonstrated moderateto-good agreement among experienced gynecological pathologists in making the distinction between those lesions related to HPV and those that are not. Unfortunately, these lesions included squamous cell carcinoma and VIN 1-3; no agreement was calculated for the non-HPV VIN3. Preti et al 19 showed an overall agreement of 73.9% for VIN 2/3 lesions, although no cases of differentiated VIN were included. Van Beurden 21 showed a good agreement of 40 specimens with normal skin and VIN 1-3, of which possibly some of the VIN cases may be of the non-HPV type although this is not further clarified. Apparently, there is no literature that focuses on the histopathological diagnosis of DVIN.
The results of this study show that the diagnosis of different pathologists after providing guidelines with histological characteristics to diagnose DVIN, could only reach a substantial agreement of 0.75 (CI 0.52-0.98) in gynecologic pathologists. Obviously, in diagnosing DVIN, more practice leads to better skills as the highest agreement could be reached in pathologists with more experience. Likely, also continuous exposure of cases with differentiated VIN in daily practice is important to keep experience.
Apparently, studying the guidelines developed by the consensus pathologists (JB and HH) based on literature was not sufficient enough to increase the level of agreement among pathologists during the second session. A different approach in teaching general pathologists in the recognition of DVIN, for example, with an interactive session with an experienced gynecologic pathologist, may probably reach higher agreement. An interactive session, like a (virtual) workshop where clinically en pathologically doubtful DVIN lesions are being discussed may be helpful.
The low interobserver agreement indicates the need for some clarity in making the diagnosis DVIN properly. Therefore, we tried to identify the most important histopathological features by asking the consensus pathologists and pathologists with a substantial agreement, to rank the items that they thought were the most important in making the diagnosis of DVIN, which is shown in Table 5 . We agree with Hart 11 and Scurry 13 that pathologists should not be focused on nuclear atypia alone, in the diagnosis of non-HPV premalignancy, but should also look for other supporting features. When some of the top five features listed in Table 5 are present, there has to be a concern and the diagnosis DVIN should be considered.
Besides the use of these histopathological criteria in making the right diagnosis, there may also be a role for immunohistochemistry. [21] [22] [23] The use of MIB1 can be helpful to distinguish between normal vulvar epithelium and DVIN as the basal cell layer in DVIN shows a higher proliferation index (percentage of MIB1-positive cells), than normal vulvar epithelium, where the basal cell layer often is negative for MIB1. 23 Furthermore, in DVIN a strong positive staining of the (supra)basal cell layers with p53 can be seen. Strong staining of all cell layers with p16 is suggestive for usual VIN and not for differentiated VIN.
An important and difficult problem, which we did not address in this study, is to decide whether one is looking at DVIN or invasive squamous cell carcinoma. Separated small nests of highly differentiated squamous cells may be seen in the dermis, raising the question of whether early invasion has taken place. In superficial biopsies, distinction of differentiated VIN from early invasive squamous cell carcinoma may be very difficult to make. 11, 14 Therefore, it is important to keep to the classic criteria of invasiveness: small irregular nests of highly differentiated (atypic) squamous cells or individual strongly atypical cells with prominent nuceoli or/and a desmoplastic reaction around the invasive nests.
As most specimens with a suspicion of DVIN are seen by a general pathologist in daily practice, it is worthwhile considering revision of specimens with an unclear diagnosis and/or clinical suspicion for DVIN by an experienced gynecologic pathologist. Probably, interaction between the clinician and pathologist will also be helpful.
In conclusion, the histopathological diagnosis of DVIN is difficult as the interobserver agreement is low. Only among gynecologic pathologists, kappa values showed a substantional agreement after providing guidelines. To increase agreement among general pathologists, a more extensive instruction like (virtual) workshops with DVIN cases and doubtful lesions may be helpful. The histopathological features: atypical mitosis in the basal layer, basal cellular atypia, dyskeratosis, prominent nucleoli and elongation and anastomosis of the rete ridges that are ranked by pathologists with a substantional agreement, may be helpful in the diagnosis of DVIN.
